This study detailed the effect hydraulic retention time on characteristics of the El-Oued aerated lagoons wastewater treatment plants (WWTPs), located in Southern East Algeria. The plant performance was evaluated through descriptive and statistical analysis of quantity and quality data of both raw wastewaters and treated effluent over a period of three years (2013 -2015). Therefore, the downstream values of BOD5, COD and TSS, are enough to achieve a final effluent that would meet the Algerian standards limit. The retention time is a function of the percent removal of organic load. The retention time may vary from 12 to 20 days as the optimum operating conditions the removal efficiencies 86.5% of BOD5, 78% of COD and TSS 85%. Goodness of the model fit to the data was also evaluated through the relationship between the residuals and the model predicted values of BOD5r, CODr and TSSr. The advantage of this model is that it would allow a better process control.
INTRODUCTION
The region of El-Oued (south-east Algeria) had various water-related issues, discharging their highly-contaminated wastewater in the receiving environment without any treatment. This is an issue of growing concern because of side effects that pollutants can cause environmental and health problems. The choice of a wastewater treatment system in developing countries is subject to several criteria, the most important is the treatment efficiency of the system.
The wastewater treatment plant in aerated lagoons in the city of El-Oued she meets this criterion?
The purification of domestic wastewater system aerated lagoon remains among the most used in countries with hot climates arid to semi-arid processes. Since the late 2000, Algeria adopted for wastewater treatment in rural and urban centres aerated lagoon as the most suitable technical solution to the economic and climatic context 1 . Aerobic bacteria found in the aeration lagoon aerated lagoons consume oxygen dissolved in the medium for the oxidation of organic matter in the wastewater [2] [3] . Oxygenation was, in the case of the aerated lagoon, provided mechanically by a surface aerator or air insufflations. This principle differs from activated sludge only by the absence of a recycling system for sludge or sludge extraction continuously. The energy consumption of the two streams is at equivalent capacity, comparable (1.8 to 2 kW / kg BOD5 eliminated) 4 .
In our work, it is the characterization and quantification of some physicochemical parameters have provided a preliminary assessment of the degree of water pollution. Moreover, achieving optimal time stays through the Influence of hydraulic retention time (HRT) on the organic load of the effluent as a measure of the overall performance of a conventional WWTP under arid climatic conditions.
MATERIALS AND METHODS

Treatment System Description
The plant located 7 km to the SouthEast of El-Oued city. It is in operation since July 2009 to serve 246.000 populations. The capacity of the plant is to treat 33.000 m 3 /day wastewater horizons for 2015, but the average current rate is 18.000 -24.000 m 3 /day. Each the first two is aerated lagoon; the 3rd is a polishing lagoon (Figure 1 ). Earthen berms form the wells of lagoons and a synthetic liner prevents sewage from entering groundwater. Details of the plant are shown in Table 1 .
Water Quality Analysis
Study was carried for a period of three years (2013 -2015) and samples were collected on weekly basis from raw wastewater and treated effluent. Physico-chemical characterization of wastewater was made according to French standard (AFNOR, 1997) 5 . Temperature and pH were analyzed with EUTECH Instruments 510 pH/mV/ 0 C. Dissolved oxygen (DO) was determined by an oximeter (model WTW inoLab Oxi 730). Turbidity was measured by Turb 550 IR. The chemical oxygen demand (COD) was determined with the reactor digestion using a Spectrophotometer type WTW Photolab spectral analyzer (AFNOR T90-101). The 5-day biological oxygen demand (BOD5) was determined by the manometric method with a respirometer (BSBcontrolled Model OxiTop WTW) (AFNOR T90 105). The suspended solids (TSS) were determined by filtration and drying at 110 °C (AFNOR T90-105) 6 . Removal efficiency of studied plant was determined as the percentage of decrease in influent with respect to effluent for each parameter measured.
Statistical Analyses
All statistical analysis was performed using the XLSTAT (version 7.5.2) 7 . Simple correlations were used to determine if significant relationships existed between parameters concentrations in raw wastewater (dependent variables) and treated effluent (independent variables). Stepwise multiple regressions were used to determine which parameters were significant in forecasting the dependent variables (biological oxygen demand removal (BOD5r), chemical oxygen demand removal (CODr) and suspending solids removal (SSr)). Once the independent variables, significantly associated with dependent variables, the coefficients of determination (R 2 ) for regression models were calculated. The relative contribution of each independent variable to the variation of dependent variables removal efficiencies in selected models was determined.
RESULTS AND DISCUSSION
Plant Operation
During the present study the influent raw sewage was an average of 18,700 m 
In-Situ Field Conditions
The major parameters that influence the removal mechanisms for organic matter in constructed wetlands are temperature, turbidity, dissolved oxygen (DO) and pH 5 . This is because organisms present in biological wastewater treatments are sensitive to these parameters.
During the investigation study, the average values of wastewater temperature are 19.31 °C, 13 °C and 25 °C, respectively, and this were in the range with the meteorological means of 16.89°C, 10 °C and 24.5 ( Figure. 2). they are similar to the air temperature; the temperatures of the final effluent are still lower than those recorded in the influent these values are based on the sampling time and the weather.
The turbidity values stored in the wastewater before treatment average values are 306 NTU, 202 NTU and 375 NTU. Regarding the treated water, there is a net reduction of this parameter whose values are within a range that is 13 NTU to 69 NTU, the average values are 33.73 NTU (Figure 3) , these values are still lower than the Algerian standards rejection (50 NTU) 8 . (Figure 4 ), low characterizing a wastewater inlet rich in dissolved organic and inorganic matter and disruption of air exchanges in interface due to the presence of fats, detergents ... etc.) 9 .
Regarding in treated effluent, DO levels recorded at the outlet are substantially greater than those of the entrance, the average values close to 7.50 mg/L, ranging of 6.65 mg/L to 8.81 mg/L, this is due to ventilation of the water level of the basin aeration related surface aerators, necessary to develop the aerobic microorganisms ensuring the oxidation of organic matter, which leads to a good biological wastewater treatment. This value is almost invariable regardless of the period, but changes depending on the incoming organic filler 10 .
This Regarding in treated effluent, DO levels recorded at the outlet are substantially greater than those of the entrance, the average values close to 7.50 mg/L, ranging of 6.65 mg/L to 8.81 mg/L, this is due to ventilation of the water level of the basin aeration related surface aerators, necessary to develop the aerobic microorganisms ensuring the oxidation of organic matter, which leads to a good biological wastewater treatment. This value is almost invariable regardless of the period, but changes depending on the incoming organic filler 10 .
The pH is a fundamental factor for water quality which mainly depends upon a variety of chemical factors, e.g., dissolved gases, organic acids, humic fractions and inorganic salts. The decomposition of organic fractions of wastewater, mainly by microbes in water, produces some acidic species of mineralized organic materials (CO2, ammonia, NO3 -and organic acids) which plays an important role in shifting of pH scale of treated water 11 .
During the study period (2013 -2015), the treated effluent pH is mostly higher than that for the raw wastewater (Fig. 3) . Measured pH values were consistently increased by between 0.53 and 0.98 units giving relatively stable monthly average pH effluent between 7.89 and 8.08. These results are consistent with those reported in the literature. According, Sevrin Reyssac et al., 12 , the alkaline pH and moderate temperature environment are ideal conditions for the proliferation of microorganisms which establish a perfect biological stability, allowing the degradation of organic matter resulting in the decontamination of water. This increase can be explained by an intense microbial activity in the activation lagoon where oxygen consumption therefore importance of a significant release of CO 2 10 .
Organic matter
The organic matter, expressed as BOD, COD and TSS, is decomposed by aerobic and anaerobic microbial processes and also by physical processes, such as sedimentation and filtration.
The variation of monthly average COD values, in treated effluent showed a trend which is not consistent with that of raw wastewaters ( Figure 6 ). As regards to the results of the statistical analysis, lack correlation between raw wastewater and treated effluent (R 2 = 0.75) ensures the dependence of downstream conditions on the other factors than upstream conditions. This fact could be assigned to an irregular work of aerators functioning. During the studied period, the monthly COD values was 80.86 mg O 2 /L exceeding Algerian standards (90 mg O2/L) confirm a chemical disequilibrium of the system 8 .
Average BOD5 values in raw wastewater also varied between 2013 and 2015 ( Figure 7) . Its general trend is not similar to that of COD. It is characterized by a decreasing rate from 222.90 to 274.31mg O2/L. Moreover, it is important to note that over the period, the representative BOD daily average According to Metcalf & Eddy 14 , the ratio between COD and BOD5 can characterize the nature of the effluent entering the WWTPs 01 Kouinine, which may be domestic or industrial. It can be clearly seen that wastewater is readily biodegradable for all incoming wastewater, and is on average between 1.98 <2.5. This result confirms the absence of industrial waste connected to the domestic sewerage network.
Indeed, it averages lead to the conclusion that this is a gross impact readily biodegradable.
Over the period 2013 -2015, the evolution of monthly TSS concentrations in raw wastewater showed similar trend to that of BOD5. It is characterized by two evolution phases: the monthly average values around 256 mg/L and varied from 202 mg/L to 303 mg/L. TSS concentrations in treated effluent varied from 12.5 to 59.9 and the mean value was 36.5 mg/L (Figure 8 ). Statistical analysis shows also lack linearity (R 2 = 0.39) between raw wastewater and treated effluent.
It is interesting to note that there is reduction of all parameters characterizing the organic load (COD, BOD5 and TSS). The overall removal efficiency of organic load in the system by 15 days' retention86.5% of BOD5, time 78% of COD and 85% of TSS.
The statistical analysis showed a very strong (-ve) correlation between retention time and BOD5, TSS and COD (r = 0.92, 0.98, 0.64 and 0.41; p<0.05), respectively.
Multiple regression and predictive models
A linear multivariate regression model estimates the behavior of a dependent variable based on several independent variables, provided that a linear relation exists between the dependent variable and the rest of parameters. The result of this analysis is a linear equation (y = ax1 + bx2+cx3 + . . . + d). In the present work, the forward stepwise method was particularly conducted to test the relationship between each of the changes of 
CONCLUSION
The results presented show that the aerated lagoon process is effective in the treatment of urban waste water under the climatic conditions of the city of El-Oued located in Southern East Algeria. The plant performance was evaluated through descriptive and statistical analysis of quantity and quality data of both raw wastewaters and treated effluent over a period of three years (2013 -2015) .
Therefore, the downstream values of BOD5, COD and TSS, are enough to achieve a final effluent that would meet the Algerian standards limit. The retention time is a function of the percent removal of organic load. The retention time may vary from 12 to 20 days as the optimum operating conditions the removal efficiencies 86.5% of BOD5, 78% of COD and TSS 85%. Goodness of the model fit to the data was also evaluated through the relationship between the retention time, raw wastewater and the model predicted values of BOD5t, CODt and TSSt. The advantage of this model is that it would allow a better process control. 
